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SEMICONDUCTOR DEVICE, SEMICONDUCTOR MODULE, ELECTRONIC 
EQUIPMENT, METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE, AND 
METHOD FOR MANUFACTURING SEMICONDUCTOR MODULE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to semiconductor devices, semiconductor 
modules, electronic equipment, methods for manufacturing semiconductor devices, and 
methods for manufacturing semiconductor modules and, in particular, is preferably applied to 
methods for providing interlayer connections in stacked layered structures of semiconductor 
chips. 

2. Description of Related Art 

[0002] To realize a stacked layered structure of semiconductor chips in 
conventional semiconductor devices, there is a method in which dry etching is used to form 
through holes in a semiconductor substrate, and interlayer connections among semiconductor 
substrates are provided via through electrodes embedded in the through holes. 

[0003] FIGS. 14 and 15 are cross-sectional views indicating a conventional method 
for manufacturing a semiconductor module. 

[0004] Referring to FIG. 14 (a), pad electrodes 102 are formed on an active 
surface 10T of a semiconductor substrate 101. Then, for example photolithography technique 
and dry etching technique are used to form trench sections 103 in the semiconductor 
substrate 101 through the pad electrodes 102. 

[0005] Here, the thickness Til of the semiconductor substrates 101 can be 625 (am 
when a 6-inch wafer is used, and 725 |j,m when an 8-inch wafer is used. The depth D2 of the 
trench section 103 can be, for example, 70 jam. 

[0006] Next, as indicated in FIG. 14 (b), for example, photolithography technique 
and CVD technique are used to form dielectric films on bottom surfaces and side surfaces of 
the trench sections 103. It is noted that, for example, a silicon oxide film or a silicon nitride 
film may be used as the dielectric film 104. 

[0007] Next, as indicated in FIG. 14 (c), seed electrodes 105 are formed on the 
semiconductor substrate 101 including inside the trench sections 103 by, for example, 
sputtering or vapor deposition. As the seed electrodes 105, conductive material, such as, for 
example, nickel (Ni), chrome (Cr), titanium (Ti), or tungsten (W) can be used. 
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[0008] Then, a plating resist layer 106 provided with opening sections 106' at 
locations corresponding to the trench sections 1 03 is formed on the semiconductor 
substrate 101 having the seed electrodes 105 formed thereon. 

[0009] Then, by conducting electrolytic plating using the seed electrodes 105 as 
plating terminals, embedded electrodes 107 within the trench sections 103 are formed through 
the opening sections 106' that are provided in the plating resist layer 106. 

[0010] Here, the embedded electrodes 107 can be formed in a manner to bulge out 
the trench sections 103 such that not only the trench sections 103 but also the opening 
sections 106' are embedded with them. Accordingly, the embedded electrodes 107 can 
protrude over the semiconductor substrates 101, such that interlayer connections as indicated 
in FIG. 15 (d) can be stably provided. 

[0011] It is noted that, for example, nickel (Ni), copper (Cu), gold (Au) or the like 
can be used for the embedded electrodes 107. 

[0012] Next, as indicated in FIG. 14 (d), the plating resist layer 106 is removed, and 
the seed electrodes 106 are etched using the embedded electrodes 107 as masks to thereby 
expose the active surface 101' of the semiconductor wafer W. 

[0013] Next, as indicated in FIG. 15 (a), the back surface 101" of the semiconductor 
substrate 101 is grounded by using back grinding to thin down the semiconductor 
substrate 101. 

[0014] Here, the back grinding of the back surface 101" of the semiconductor 
substrate 101 is finished before the dielectric film 104 is exposed so that the thickness T12 of 
the semiconductor substrate 101 after the back grinding is, for example, 100 jim. 

[0015] Next, as indicated in FIG. 15 (b), the back surface 101" of the semiconductor 
substrate 101 is dry-etched to further thin down the semiconductor substrate 101 such that the 
trench sections 103 penetrate the semiconductor substrate 101 to form through holes 103 1 
therein, and expose tip portions of the embedded electrodes 107 covered with the dielectric 
films 104 to form through electrodes 107'. The thickness T13 of the semiconductor 
substrate 101 after the dry etching can be, for example, 50jam. Also, as etching gas for the 
dry etching of the back surface 101" of the semiconductor substrate 101, for example, CI2, 
HBr or SF 6 can be used. 

[0016] Next, as indicated in FIG. 15 (c), by dry etching the dielectric films 104 at 
the tips of the through electrodes 107', the dielectric films 104 at the tips of the through 
electrodes 107' are removed. It is noted that, as etching gas for the dry etching of the 



3 

dielectric films 104 at the tips of the through electrodes 107', for example, Cl 2 , HBr or SF 6 
can be used. 

[0017] Next, as indicated in FIG. 15 (d), the semiconductor substrates lOla-lOlc 
are stacked in layers such that the through electrodes 107a - 107c formed on the respective 
semiconductor substrates lOla-lOlc are in contact with one another. Resin 108a and 108b 
is filled in gaps among the semiconductor substrates 101a - 101c to form a stacked layered 
structure of the semiconductor substrates 101a- 101c. 

SUMMARY OF THE INVENTION 

[0018] However, according to the conventional method for manufacturing a 
semiconductor module, the through electrodes 107a - 107c are formed within the 
semiconductor substrates lOla-lOlc, such that the through electrodes 107a - 107c in upper 
and lower layers need to be aligned with one another in order to provide interlayer 
connections. 

[0019] For this reason, in the conventional semiconductor module, the diameter of 
the through electrodes 107a - 107c need to be enlarged to facilitate the alignment of the 
through electrodes 107a - 107c in upper and lower layers, which is problematical because the 
chip size becomes larger by the amount enlarged. 

[0020] Also, in the conventional semiconductor module, the through 
electrodes 107a - 107c in upper and lower layers need to be connected to one another in order 
to provide interlayer connections. 

[0021] For this reason, when the chip size is larger, due to warps in the 
semiconductor substrates lOla-lOlc and height variations among the through 
electrodes 107a - 107c, there are problems in that connections among the through 
electrodes 107a - 107c in upper and lower layers become insufficient, and the reliability in 
the interlayer connections are deteriorated. 

[0022] Accordingly, it is an object of the present invention to provide 
semiconductor devices, semiconductor modules, electronic equipment, methods for 
manufacturing semiconductor devices, and methods for manufacturing semiconductor 
modules, which can control enlargement of the chip size, and improve the reliability in 
interlayer connections. 

[0023] To solve the problems described above, a semiconductor device recited in 
claim 1 is characterized in comprising: a wiring layer formed on a main surface of a 
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semiconductor chip; and conductive layers for interlayer connections that are connected to the 
wiring layer and formed in a side wall of the semiconductor chip. 

[0024] As a result, interlayer connections among semiconductor chips can be 
provided without providing through electrodes in active regions of the semiconductor chips. 

[0025] For this reason, while suppressing enlargement of the chip size, conductive 
layers for providing interlayer connections can be readily expanded, and conductive layers for 
interlayer connections can be formed after the semiconductor chips are stacked in layers. 

[0026] As a result, the conductive layers for interlayer connections in upper and 
lower layers can be readily aligned and; when conductive layers for interlayer connections are 
connected, the influence of warps in semiconductor substrates and height variations among 
the conductive layers for interlayer connections can be eliminated, and the reliability in the 
interlayer connections can be improved. 

[0027] Also, a semiconductor device recited in claim 2 is characterized in 
comprising: electrode pads formed on a main surface of a semiconductor chip; grooves 
formed in a section of the semiconductor chip that traverses in a thickness direction of the 
semiconductor chip; conductive layers filled in the grooves; and wiring layers that connect the 
electrode pads and the conductive layers. 

[0028] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chips, the side walls of the semiconductor chips can be filled with conductive 
layers and; conductive layers for providing interlayer connections can be formed after the 
semiconductor chips are stacked in layers, and through electrodes do not need to be provided 
in active regions of the semiconductor chips. 

[0029] For this reason, the conductive layers in upper and lower layers can be 
readily aligned with one another and; when conductive layers in upper and lower layers are 
connected to one another, the influence of height variations among the conductive layers and 
warps in the semiconductor chips can be eliminated, and the reliability in the interlayer 
connections can be improved. 

[0030] Further, a semiconductor module recited in claim 3 is characterized in 
comprising: semiconductor chips stacked in layers; conductive layers that are formed in side 
walls of the respective semiconductor chips for providing interlayer connections among the 
semiconductor chips; and wiring layers that are formed on main surfaces of the respective 
semiconductor chips and connected to the conductive layers. 
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[0031] Accordingly, interlayer connections can be provided through side walls of 
the semiconductor chips, and through electrodes do not need to be provided in active 
surfaces. 

[0032] For this reason, while suppressing enlargement of the chip size, the 
alignment for interlayer connections is facilitated, and the connection reliability can be 
improved. 

[0033] Also, a semiconductor module recited in claim 4 is characterized in 
comprising: semiconductor chips stacked in layers; electrode pads formed on main surfaces of 
the respective semiconductor chips; grooves that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; 
conductive layers filled in the grooves for providing interlayer connections among the 
semiconductor chips; and wiring layers that connect the electrode pads and the conductive 
layers, respectively. 

[0034] Accordingly, by flowing conductive material along the side walls of the 
semiconductor chips stacked in layers, interlayer connections among the semiconductor chips 
can be provided and: when the semiconductor chips are stacked in layer, there is no need to 
connect through electrodes in upper and lower layers. 

[0035] For this reason, the semiconductor chips can be readily aligned with one 
another, and the influence of height variations among the conductive layers and warps in the 
semiconductor chips can be eliminated, and the reliability in the interlayer connections can be 
improved. 

[0036] Also, a semiconductor module recited in claim 5 is characterized in 
comprising: semiconductor chips stacked in layers; electrode pads formed on main surfaces of 
the respective semiconductor chips; grooves that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; wiring 
layers that connect the electrode pads and the conductive layers; pin-like terminals that are 
embedded in the grooves and disposed in a stacking direction of the semiconductor chips; an 
interposer substrate with the pin-like terminals standing thereon; and conductive layers filled 
in the grooves with the pin-like terminals therein. 

[0037] Accordingly, by stacking the semiconductor chips in layers on the interposer 
substrate along the pin-like terminals, the semiconductor chips can be aligned with one 
another, and solder material can be readily attached along the pin- like terminals. 
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[0038] For this reason, conductive layers can be readily filled along the grooves 
formed in the sections by solder dip or the like, such that a three-dimensional mounting of the 
semiconductor chips can be readily realized. 

[0039] Also, a semiconductor module recited in claim 6 is characterized in that the 
semiconductor chips are stacked in layers through dielectric resin. 

[0040] Accordingly, by coating dielectric resin all over the semiconductor chips, 
interlayer connections can be made and the semiconductor chips can be insulated from one 
another. 

[0041] As a result, without complicating the manufacturing process, insulation 
among the semiconductor chips can be secured, the sealing property of the semiconductor 
chips can be readily improved, and the reliability of the semiconductor module can be 
improved. 

[0042] Also, a semiconductor module recited in claim 7 is characterized in 
comprising: an interposer substrate having a wiring layer formed on a main surface thereof; a 
semiconductor chip that is connected to the wiring layer and mounted on the interposer 
substrate; grooves formed in a side wall of the interposer substrate that traverses in a 
thickness direction of the interposer substrate; and conductive layers filled in the grooves. 

[0043] Accordingly, even when semiconductor chips are mounted on an interposer 
substrate, interlayer connections among the semiconductor chips can be provided through the 
side walls of the interposer substrate and; a three-dimensional mounting of the semiconductor 
chips can be readily realized and the reliability in interlayer connections can be improved 
even when the types and/or chip sizes of the semiconductor chips are different from one 
another. 

[0044] Also, a semiconductor module recited in claim 8 is characterized in 
comprising: interposer substrates stacked in layers; wiring layers formed on main surfaces of 
the interposer substrates; semiconductor chips that are connected to the wiring layers and 
mounted on the interposer substrates; grooves formed in side walls of the interposer 
substrates that traverse in a thickness direction of the interposer substrates; conductive layers 
filled in the grooves for providing interlayer connections among the interposer substrates; and 
recessed sections formed in back surfaces of the interposer substrates for storing the 
semiconductor chips. 

[0045] As a result, even when the semiconductor chips are mounted on the 
interposer substrates, the influence of protrusions of the semiconductor chips can be avoided, 
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and interlayer connections among the semiconductor chips can be provided through the side 
walls of the interposer substrates. 

[0046] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized while the influence of 
warps in the interposer substrates and height variations among the through electrodes can be 
eliminated, and the reliability in the interlayer connections can be improved. 

[0047] Also, a semiconductor module recited in claim 9 is characterized in 
comprising: an intermediate substrate having an opening section formed therein; interposer 
substrates stacked in layers through the intermediate substrate; wiring layers formed on main 
surfaces of the interposer substrates; semiconductor chips that are connected to the wiring 
layers and mounted on the interposer substrates; first grooves formed in side walls of the 
interposer substrates that traverse in a thickness direction of the interposer substrates; second 
grooves formed in a side wall of the intermediate substrate that traverses in a thickness 
direction of the intermediate substrate; and conductive layers filled in the first grooves and the 
second grooves for providing interlayer connections among the interposer substrates through 
the intermediate substrate. 

[0048] Accordingly, even when the semiconductor chips are mounted on plane 
interposer substrates, the influence of protrusions of the semiconductor chips can be avoided, 
and interlayer connections among the semiconductor chips can be provided through the side 
walls of the interposer substrates. 

[0049] For this reason, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the interposer substrates, and the reliability in the interlayer connections can 
be improved. 

[0050] Further, an electronic device recited in claim 10 is characterized in 
comprising: semiconductor chips stacked in layers; electrode pads formed on main surfaces of 
the respective semiconductor chips; grooves that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; 
conductive layers filled in the grooves for providing interlayer connections among the 
semiconductor chips; wiring layers that connect the electrode pads and the conductive layers, 
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respectively; and an electronic component that is connected to the semiconductor chips 
through the conductive layers. 

[0051] As a result, by flowing conductive material along the side walls of the 
semiconductor chips stacked in layers, interlayer connections among the semiconductor chips 
can be provided and; the semiconductor chips can be readily aligned with one another while 
suppressing enlargement of the chip size, and the influence of height variations among the 
conductive layers and warps in the semiconductor chips can be eliminated, 

[0052] For this reason, the electronic device can be made smaller and lighter, and 
the reliability of the electronic device can be improved. 

[0053] Also, an electronic device recited in claim 1 1 is characterized in comprising: 
semiconductor chips stacked in layers; electrode pads formed on main surfaces of the 
respective semiconductor chips; grooves that are formed in sections of the respective 
semiconductor chips that traverse in a thickness direction of the semiconductor chips; wiring 
layers that connect the electrode pads and the conductive layers, respectively; pin-like 
terminals that are inserted in the grooves and disposed in a stacking direction of the 
semiconductor chips; an interposer substrate with the pin-like terminals standing thereon; 
conductive layers filled in the grooves with the pin-like terminals therein; and an electronic 
component that is connected to the semiconductor chips through the conductive layers. 

[0054] As a result, the semiconductor chips can be precisely stacked in layers, and 
conductive layers can be readily filled along the grooves formed in the sections thereof, 
enlargement in the chip size can be suppressed, and a three-dimensional mounting of the 
semiconductor chips can be readily realized. 

[0055] For this reason, the electronic device can be made smaller and lighter, and 
the reliability of the electronic device can be improved. 

[0056] Further, an electronic device recited in claim 12 is characterized in 
comprising: interposer substrates stacked in layers; wiring layers formed on main surfaces of 
the interposer substrates; semiconductor chips that are connected to the wiring layers and 
mounted on the interposer substrates; grooves formed in side walls of the interposer 
substrates that traverse in a thickness direction of the interposer substrates; conductive layers 
filled in the grooves for providing interlayer connections among the interposer substrates; 
recessed sections formed in back surfaces of the interposer substrates for storing the 
semiconductor chips; and an electronic component that is connected to the semiconductor 
chips through the conductive layers. 
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[0057] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized while suppressing enlargement of the chip size, and the 
reliability in the interlayer connections can be improved. 

[0058] For this reason, the electronic device can be made smaller in size and lighter, 
and the reliability in the electronic device can be improved. Also, a variety of functions can 
be readily added to the electronic device. 

[0059] Further, an electronic device recited in claim 13 is characterized in 
comprising: an intermediate substrate having an opening section formed therein; interposer 
substrates stacked in layers through the intermediate substrate; wiring layers formed on main 
surfaces of the interposer substrates; semiconductor chips that are connected to the wiring 
layers and mounted on the interposer substrates; first grooves formed in side walls of the 
interposer substrates that traverse in a thickness direction of the interposer substrates; second 
grooves formed in a side wall of the intermediate substrate that traverses in a thickness 
direction of the intermediate substrate; conductive layers filled in the first grooves and the 
second grooves for providing interlayer connections among the interposer substrates through 
the intermediate substrate; and an electronic component that is connected to the 
semiconductor chips through the conductive layers. 

[0060] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized while suppressing enlargement of the chip size, and the 
reliability in the interlayer connections can be improved while preventing the interposer 
substrates from becoming complicated. 

[0061] For this reason, the electronic device can be made smaller in size and lighter, 
and the reliability in the electronic device can be improved. Also, a variety of functions can 
be readily added to the electronic device while suppressing an increase in the cost. 

[0062] Also, a method for manufacturing a semiconductor device recited in 
claim 14 is characterized in comprising: a step of forming through holes on cutting lines of a 
semiconductor wafer; a step of cutting the semiconductor wafer along the cutting lines into 
chips; and a step of filling conductive layers in the through holes divided by the cutting step. 

[0063] Accordingly, by conducting processings on the plane surface of the 
semiconductor wafer, grooves can be formed in side walls of the semiconductor wafer, and 
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conductive layers can be readily filled in sections of the semiconductor wafer without directly 
processing the sections of the semiconductor wafer. 

[0064] For this reason, conductive layers can be provided on the side walls of the 
semiconductor chip without complicating the manufacturing process, and the conductive 
layers in upper and lower layers can be readily aligned with one another. Moreover, when the 
conductive layers in upper and lower layers are to be connected, the influence of height 
variations of the conduction layers and/or warps in the semiconductor chips can be 
eliminated, such that the reliability in interlayer connections can be improved while 
preventing the through put from lowering. 

[0065] Further, a method for manufacturing a semiconductor device recited in 
claim 15 is characterized in comprising: a step of forming trench sections on cutting lines of a 
semiconductor wafer having wiring layers formed thereon; a step of forming dielectric films 
within the trench sections; a step of forming an under barrier metal layer that covers the 
dielectric films and is connected to the wiring layers; a step of thinning a back surface of the 
semiconductor wafer to thereby make the trench sections penetrate to form through holes 
along the cutting lines; a step of cutting the semiconductor wafer along the cutting lines into 
chips; and a step of filling conductive layers in the through holes that are divided by the 
cutting step. 

[0066] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer and; conductive 
layers can be readily filled in sections of the semiconductor wafer without directly processing 
the sections of the semiconductor wafer, and interlayer connections can be provided by 
effectively using marginal regions that are required to cut the semiconductor wafer. 

[0067] For this reason, the conductive layers can be provided on the side walls of 
the semiconductor chips without complicating the manufacturing process, and there is no 
need to form through electrodes by sacrificing the active regions. 

[0068] Consequently, the conductive layers in upper and lower layers can be readily 
aligned with one another while suppressing enlargement of the chip size; the influence of 
height variations among the conductive layers and warps in the semiconductor chips can be 
eliminated when the conductive layers in upper and lower layers are connected to one 
another; and the reliability in interlayer connections can be improved while checking the 
throughput from lowering. 
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[0069] Also, a method for manufacturing a semiconductor module recited in 
claim 16 is characterized in comprising: a step of forming conductive layers on side walls of a 
semiconductor chip; and a step of providing interlayer connections through the conductive 
layers formed on the side walls of the semiconductor chip. 

[0070] Accordingly, interlayer connections among semiconductor chips can be 
provided without providing through electrodes in active regions of the semiconductor chips; 
the conductive layers in upper and lower layers can be readily aligned with one another; the 
influence of height variations among the conductive layers and warps in the semiconductor 
chips can be eliminated; and the reliability in interlayer connections can be improved. 

[0071] Also, a method for manufacturing a semiconductor module recited in 
claim 17 is characterized in comprising: a step of forming through holes on cutting lines of a 
semiconductor wafer; a step of cutting the semiconductor wafer along the cutting lines into 
chips; a step of stacking the semiconductor chips formed by the cutting step; and a step of 
filling conductive layers in the through holes cut by the cutting step. 

[0072] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer and; by flowing 
conductive material along the side walls of the semiconductor chips stacked in layers, 
interlayer connections among the semiconductor chips can be provided. 

[0073] For this reason, when the semiconductor chips are stacked in layers, there is 
no need to connect through electrodes in upper and lower layers such that the semiconductor 
chips can be readily aligned with one another and; the influence of height variations among 
the conductive layers and warps in the semiconductor chips can be eliminated such that the 
reliability in interlayer connections can be improved. 

[0074] Also, a method for manufacturing a semiconductor module recited in 
claim 18 is characterized in comprising: a step of forming through electrodes on cutting lines 
of a semiconductor wafer; a step of cutting the semiconductor wafer along the cutting lines 
into chips; and a step of providing interlayer connections among the semiconductor chips 
formed by the cutting step via the through electrodes that are cut by the cutting step. 

[0075] Consequently, by cutting the semiconductor wafer having through electrodes 
formed therein, conductive layers can be collectively formed in side walls of the 
semiconductor wafer. 

[0076] For this reason, the conductive layers can be accurately formed in sections of 
the semiconductor wafer while omitting the step of filling conductive material after cutting 
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the semiconductor wafer, and interlayer connections can be provide through effectively using 
marginal regions necessary for cutting the semiconductor wafer. 

[0077] Further, a method for manufacturing a semiconductor module recited in 
claim 19 is characterized in comprising: a step of forming trench sections on cutting lines of a 
semiconductor wafer having wiring layers formed thereon; a step of forming dielectric films 
within the trench sections; a step of forming an under barrier metal layer that covers the 
dielectric films and is connected to the wiring layers; a step of thinning a back surface of the 
semiconductor wafer to thereby make the trench sections penetrate to form through holes 
along the cutting lines; a step of cutting the semiconductor wafer along the cutting lines into 
chips; a step of stacking the semiconductor chips formed by the cutting step; and a step of 
filling conductive layers in the through holes that are divided by the cutting step. 

[0078] Accordingly, by cutting a semiconductor wafer having through holes formed 
therein, grooves can be formed in side walls of the semiconductor wafer and; by flowing 
conductive material along the side walls of the semiconductor chips stacked in layers, 
interlayer connections among the semiconductor chips can be provided. 

[0079] For this reason, the conductive layers can be provided in the side walls of the 
semiconductor chips without complicating the manufacturing process, and there is no need to 
form through electrodes through sacrificing the active regions. 

[0080] As a result, the conductive layers in upper and lower layers can be readily 
aligned with one another while suppressing enlargement of the chip size; the influence of 
height variations among the conductive layers and warps in the semiconductor chips can be 
eliminated when the conductive layers in upper and lower layers are connected to one 
another; and the reliability in interlayer connections can be improved while checking the 
throughput from lowering. 

[0081] Also, a method for manufacturing a semiconductor module recited in 
claim 20 is characterized in comprising: a step of forming through holes on cutting lines of a 
semiconductor wafer; a step of cutting the semiconductor wafer along the cutting lines into 
chips; a step of stacking the semiconductor chips on a interposer substrate having pin-like 
terminals standing thereon in a manner that the pin-like terminals are inserted in the through 
holes divided by the cutting step; and a step of filling conductive layers in the through holes 
that are cut. 

[0082] Accordingly, by stacking the semiconductor chips on the interposer 
substrates along the pin-like terminals, the semiconductor chips can be aligned with one 
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another, and solder material or the like can be readily attached along the pin-like terminals, 
such that a three-dimensional mounting of the semiconductor chips can be readily realized. 

[0083] Further, a method for manufacturing a semiconductor module recited in 
claim 21 is characterized in comprising: a step of mounting semiconductor chips on 
interposer substrates having grooves formed in side walls thereof and recessed sections 
formed in back surfaces thereof; a step of stacking the interposer substrates having the 
semiconductor chips mounted thereon in layers such that each of the semiconductor chips is 
stored in each of the recessed sections of an upper layer of the stacked interposer substrates; 
and a step of filling conductive layers in the grooves of the interposer substrates to provide 
interlayer connections. 

[0084] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized and; interlayer connections can be realized while eliminating the 
influence of height variations among the through electrodes and warps in the interposer 
substrates, and the reliability in the interlayer connections can be improved. 

[0085] Also, a method for manufacturing a semiconductor module recited in 
claim 22 is characterized in comprising: a step of mounting semiconductor chips on 
interposer substrates having grooves formed in side surfaces thereof; a step of stacking the 
interposer substrates having the semiconductor chips mounted thereon through intermediate 
substrates having opening sections formed in main surfaces thereof and grooves formed in 
side walls thereof; and a step of filling conductive layers in the grooves of the interposer 
substrates and the intermediate substrates to provide interlayer connections. 

[0086] Accordingly, even when the types and/or chip sizes of the semiconductor 
chips are different from one another, a three-dimensional mounting of the semiconductor 
chips can be readily realized, and interlayer connections can be realized without complicating 
the structure of the interposer substrates, and the reliability in the interlayer connections can 
be improved. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0087] Hereunder, a method for manufacturing a semiconductor device and a 
method for manufacturing a semiconductor module in accordance with embodiments of the 
present invention will be described with reference to the accompanying drawings. 

[0088] FIGS. 1 and 2 are cross-sectional views indicating a method for 
manufacturing a semiconductor device in accordance with a first embodiment of the present 
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invention, and FIGS. 3 and 4 are perspective views indicating a method for manufacturing a 
semiconductor device in accordance with the first embodiment of the present invention. 

[0089] Referring to FIG. 1 (a) and FIG. 3 (a), active regions 7 that are defined by 
scribe lines SL are formed on a semiconductor wafer W, pad electrodes 2 are formed on an 
active surface l 1 of the semiconductor wafer W, and the pad electrodes 2 are connected to 
wiring layers 3 that extend over the scribe lines SL. 

[0090] Then, for example, by using photolithography technique and dry etching 
technique, trench sections 4 are formed at the scribe lines SL of the semiconductor wafer W. 

[0091] Next, as indicated in FIG. 1 (b), for example, photolithography technique 
and CVD technique are used to form dielectric films 5 within the trench sections 4. It is 
noted that, as the dielectric films 5, for example, silicon oxide films or silicon nitride films 
can be used. 

[0092] Then, for example, by using photolithography technique and sputter 
technique, under barrier metal films 6 are formed within the trench sections 4 that are covered 
by the dielectric films 5, and the under barrier metal films 6 formed within the trench 
sections 4 are connected to the wiring layers 3. It is noted that, for the under barrier metal 
films 6, for example, TiW, TiN, Cr or Ni can be used. 

[0093] Next, as indicated in FIG. 1 (c), a back surface 1" of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 
W. 

[0094] Here, the back grinding of the back surface 1 " of the semiconductor wafer W 
is completed before the dielectric films 5 are exposed. 

[0095] Then, when the semiconductor wafer W is thinned down by the back 
grinding, the back surface 1 " of the semiconductor wafer W is dry etched, to further thin 
down the semiconductor wafer W, to thereby remove the dielectric films 5 and the under 
barrier metal films 6 so that the trench sections 4 penetrate to form through holes 4' in the 
semiconductor wafer W. It is noted that, as an etching gas used for the dry etching of the 
back surface 1" of the semiconductor wafer W, for example, CL 2 , HBr or SF 6 can be used 
and; as an etching gas used for the dry etching of the dielectric films 4, for example, CL 2 , HBr 
or SF 6 can be used. 

[0096] Next, as indicated in FIG. 1 (d) and FIG. 3 (b), the semiconductor wafer W 
having the through holes 4' is cut along the scribe lines SL, to thereby divide the through 
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holes 4 ! in their longitudinal direction to form grooves 4" in side walls of semiconductor 
substrates 1. 

[0097] Next, as indicated in FIG. 2 (a) and FIG. 4 (a), semiconductor substrates la- 
ic having the grooves 4a — 4c formed in their side walls are stacked in layers through resin 
layers 8a and 8b. When the semiconductor substrates la - lc and the resin layers 8a and 8b 
are stacked in layers, the grooves 4a - 4c formed in the side walls of the semiconductor 
substrates la - lc are aligned with one another in the longitudinal direction. 

[0098] Next, as indicated in FIG. 2 (b) and FIG 4 (b), conductive material 1 1 is 
charged within the grooves 4a - 4c to cross over the resin layers 8a and 8b, thereby providing 
interlayer connections among the pad electrodes 2a - 2c formed in the semiconductor 
substrates la - lc, respectively. 

[0099] It is noted that, as the conductive material 1 1 that is filled in the grooves 4a - 
4c, for example, Ag paste, solder paste, or conductive slurry can be used. 

[0100] FIGS. 5 are side views indicating a method of filling conductive material in 
accordance with an embodiment of the present invention. 

[0101] In FIG. 5 (a), for filling the grooves 4a - 4c with the conductive material 11, 
the conductive material 1 1 is coated on wall surfaces of the semiconductor substrates la - lc 
that are stacked in layers. 

[0102] Then, a stage 12 is slid on the wall surfaces of the semiconductor 
substrates la - lc that are coated with the conductive material 1 1, to scrape off the conductive 
material 1 1 on the wall surfaces of the semiconductor substrates la - lc, thereby filling the 
conductive material 1 1 in the grooves 4a — 4c. 

[0103] Accordingly, by filling the conductive material 1 1 on the side walls of the 
semiconductor substrates la - lc, interlayer connections among the semiconductor 
substrates la - lc can be provided, and conductive layers for providing the interlayer 
connections can be formed after the semiconductor substrates la - lc are stacked in layers, 
and there is no need to provide through electrodes in the active surfaces of the semiconductor 
substrates la - lc. 

[0104] Accordingly, while suppressing enlargement of the chip size, the width of 
the grooves 4a - 4c can be readily expanded, and the alignment to be conducted when the 
semiconductor substrates la - lc are stacked in layers can be facilitated; interlayer 
connections among the semiconductor substrates la — lc can be provided without being 
affected by height variations of through electrodes and/or warps in the semiconductor 
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substrates la - lc; and the reliability in interlayer connections can be improved while 
reducing the size of the stacked layered structure. 

[0105] Also, by providing the interlayer connections through the side walls of the 
semiconductor substrates la - lc, the resin layers 8a and 8b can be coated all over the 
semiconductor substrates la - lc, without interfering with the interlayer connections. 

[0106] Consequently, the semiconductor substrates la - lc can be insulated from 
one another without complicating the manufacturing process, and the sealing property of the 
semiconductor substrates la - lc can be readily improved, and thus the reliability of the 
semiconductor module can be improved. 

[0107] FIGS. 6 and 7 are perspective views indicating a method for manufacturing a 
semiconductor module in accordance with a second embodiment of the present invention. 

[0108] Referring to FIG. 6 (a), an active region 27 is formed on a semiconductor 
substrate 21, grooves 24 are formed in side walls of the semiconductor substrate 22, and pad 
electrodes 22 and wiring layers 23 are formed on an active surface 2V of the semiconductor 
substrate 21. Also, the pad electrodes 22 are connected to the wiring layers 23 that extend to 
the grooves 24, surfaces of the grooves 24 are covered with dielectric films 25, and under < 
barrier metal films 26 that are connected to the wiring layers 23 are formed within the 
grooves 24 that are covered with the dielectric films 25. 

[0109] On the other hand, as indicated in FIG. 6 (b), pin-like terminals 32 are 
erected on an interposer substrate 31 at positions corresponding to the grooves 24 of the 
semiconductor substrate 21, bump electrodes 33 are formed on a back surface of the 
interposer substrate 31, and the pin-like terminals 32 and the bump electrodes 33 are 
connected by internal wirings. 

[0110] It is noted that the pin-like terminals 32 can be composed of metal material 
having good solder-wettability such as Cu, or metal material that is solder plated on its 
surface, and the diameter of each pin-like terminal 32 can be set such that the pin-like 
terminals 32 can be stored in the grooves 24. 

[0111] Then, for realizing a stacked layered structure with the semiconductor 
substrate 21, the semiconductor substrate 21 is stacked on the interposer substrate 31 along 
the pin-like terminals 32 in a manner that the pin-like terminals 32 are inserted in the 
grooves 24 of the semiconductor substrate 21. 

[0112] As a result, as indicated in FIG. 7 (a), a stacked layered structure of 
semiconductor substrates 21a - 21c that are interlayer-insulated by resin layers 28a and 28b 
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can be formed. Here, grooves 24a - 24c are formed in the semiconductor substrates 21a - 
21c, respectively, surfaces of the grooves 24a - 24c are covered with dielectric films 25a - 
25c, respectively, and under barrier metal films 26a - 26c are formed within the grooves 24a 
- 24c that are covered with the dielectric films 25a - 25c, respectively. Then, for example, 
pad electrodes 22a that are formed on the semiconductor substrate 21a are connected to the 
under barrier metal films 26a via the wiring layers 23 a. 

[0113] Next, as indicated in FIG. 7 (b), conductive material 34 is adhered along the 
pin-like terminals 32 by solder dipping, thereby filling the conductive material 34 in the 
grooves 24a - 24c in a manner to extend across the resin layers 28a and 28b. 

[0114] In this manner, by stacking the semiconductor substrates 21a - 21c along the 
pin- like terminals 32, the semiconductor substrates 21a - 21c can be stacked in layers while 
the grooves 24a - 24c are aligned with one another. Accordingly, the time and labor for the 
positioning can be alleviated, and the stacked layered structure of the semiconductor 
substrates 21a — 21c can be readily realized. 

[0115] Also, by composing the pin- like terminals 32 with metal material having 
good solder- wettability, the conductive material 34 can be collectively filled in the 
grooves 24a - 24c by solder dipping or the like. 

[0116] Also, by composing the pin-like terminals 32 with solder-plated metal 
material, the grooves 24a - 24c can be collectively connected by heat treatment with solder 
through the resin layers 28a and 28b. 

[0117] FIGS. 8 and 9 are perspective views indicating a method for manufacturing a 
semiconductor module in accordance with a third embodiment of the present invention. 

[0118] In FIG. 8, an active region 42 is formed on a semiconductor substrate 41, 
and pad electrodes 43 are formed on an active surface of the semiconductor substrate 41. 

[0119] On the other hand, terminal electrodes 52 and wiring layers 53 are formed on 
an interposer substrate 51, grooves 54 are formed in side walls of the interposer substrate 51, 
and the terminal electrodes 52 are connected to the wiring layers 53 that extend to the 
grooves 54. 

[0120] Also, under barrier metal films 55 that are connected to the wiring layers 53 
are formed within the grooves 54 that are formed in the side walls of the interposer 
substrate 51, and a concave section 57 that is capable of storing the semiconductor 
substrates 41 is formed in a back surface of the interposer substrate 51. 
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[0121] It is noted that, as the interposer substrate 51, for example, a resin substrate, 
a ceramics substrate or a glass epoxy substrate can be used and; for the under barrier metal 
films 55, for example, TiW, TiN, Cr or Ni can be used. 

[0122] Then, the semiconductor substrate 41 is mounted on the interposer 
substrate 51, the pad electrodes 43 on the semiconductor substrate 41 are connected to the 
terminal electrodes 52 on the interposer substrate 51 by wires 56. 

[0123] Then, as indicated in FIG. 9 (a), interposer substrates 51a - 51c having 
semiconductor substrates respectively mounted thereon are stacked in layers, to thereby 
realize a three-dimensional structure of the semiconductor substrates. 

[0124] Here, by providing concave sections 57a - 57c in back surfaces of the 
respective interposer substrates 51a - 51c, semiconductor substrates that are respectively 
mounted on the interposer substrates 5 la - 51c can be stored in the concave sections 57a - 
57c in overlying layers of the interposer substrates 51a - 51c, respectively, such that the 
interposer substrates 51a- 51c having the semiconductor substrates respectively mounted 
thereon can be stacked in layers with good precision. 

[0125] It is noted that grooves 54a - 54c are formed in the side walls of the 
respective interposer substrates 51a - 51c, the concave sections 57a - 57c are formed in the 
back surfaces of the respective interposer substrates 51a - 5 lc, and under barrier metal 
films 55a - 55c are formed in the respective grooves 54a - 54c. 

[0126] Then, for example, terminal electrodes 52a and wiring layers 53a are formed 
on the interposer substrate 51a, the terminal electrodes 52a are connected to the under barrier 
metal films 55a via the wiring layers 53a, the semiconductor substrate 41a is mounted on the 
interposer substrate 51a, and pad electrodes 43a on the semiconductor substrate 41a are 
connected to the terminal electrodes 52a on the interposer substrate 51a by wires 56a. 

[0127] Next, as indicated in FIG. 9 (b), by filling conductive material 58 in the 
grooves 54a - 54c that are formed in the side walls of the respective interposer substrates 51a 
-51c, interlayer connections among the semiconductor substrates are realized through the 
interposer substrates 5 1 a - 5 1 c. 

[0128] Accordingly, even when the types and/or chip sizes of the semiconductor 
substrates 5 1 are different from one another, a three-dimensional mounting of the 
semiconductor substrates 5 1 can be readily realized while suppressing enlargement of the 
chip size and improving the reliability in the interlayer connections. 
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[0129] Consequently, the electronic device can be made smaller in size and lighter, 
the reliability in the electronic device can be improved, and a variety of functions can be 
readily added to the electronic device. 

[0130] FIGS. 10 and 1 1 are perspective views indicating a method for 
manufacturing a semiconductor module in accordance with a fifth embodiment of the present 
invention. 

[0131] In FIG. 10 (a), wiring layers 73 are formed on an interposer substrate 71, 
grooves 74 are formed in side walls of the interposer substrate 71, and under barrier metal 
films 75 that are connected to the wiring layers 73 are formed in the grooves 74 that are 
formed in the side walls of the interposer substrate 71. 

[0132] Further, a semiconductor substrates 61 is mounted on the interposer 
substrate 71 by a face down method, and pad electrodes of the semiconductor substrates 61 
are connected to the under barrier metal films 75 by wiring layers 73. 

[0133] On the other hand, in FIG. 10 (b), an intermediate substrate 81 is provided 
with an opening section 86 that is capable of storing the semiconductor substrates 61, 
grooves 84 are formed in side walls of the intermediate substrate 8 1 , and under barrier metal 
films 85 are formed in the grooves 84 formed in the side walls of the intermediate 
substrate 81. 

[0134] It is noted that, as the interposer substrate 71 and the intermediate 
substrate 81, for example, resin substrates, ceramics substrates or glass epoxy substrates can 
be used and; for the under barrier metal films 75 and 85, for example, TiW, TiN, Cr or Ni can 
be used. 

[0135] Then, as indicated in FIG. 1 1 (a), by stacking interposer substrates 71a - 71c 
having semiconductor substrates respectively mounted thereon in layers with the intermediate 
substrates 81a and 81b being sandwiched between them, a three-dimensional mounting 
structure of the semiconductor substrates can be realized. 

[0136] Here, by sandwiching the intermediate substrates 81a and 81b among the 
interposer substrates 71a - 71c, the semiconductor substrates that are mounted on the 
respective interposer substrates 71a — 71c can be stored in the opening sections of the 
intermediate substrates 81a and 81b, respectively, such that the interposer substrates 71a - 
71c having the semiconductor substrates respectively mounted thereon can be stacked in 
layers with good precision. 
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[0137] Further, by also providing grooves 84a and 84b in side walls of the 
intermediate substrates 81a and 81b, interlayer connections can be readily provided via the 
side walls of the interposer substrates 71a - 71c even when the intermediate substrates 81a 
and 81b are sandwiched between the interposer substrates 71a - 71c. 

[0138] It is noted that grooves 74a - 74c are formed in side walls of the respective 
interposer substrates 71a - 71c, and under barrier metal films 75a - 75c are formed in the 
respective grooves 74a - 74c. 

[0139] Also, the grooves 84a and 84c are formed on the side walls of the respective 
intermediate substrates 81a and 81b, and under barrier metal films 85a and 85b are formed in 
the grooves 84a and 84b, respectively. 

[0140] Then, for example, on the interposer substrate 71a, wiring layers 73a that are 
connected to the under barrier metal films 75a are formed, and the semiconductor 
substrate 61a that is connected to the wiring layers 73a is mounted by a face down method. 

[0141] Next, as indicated in FIG. 1 1 (b), by filling conductive material 86 in the 
grooves 74a - 74c and 84a - 84c formed in the side walls of the interposer substrates 71a - 
71c and the intermediate substrates 81a and 81b, respectively, interlayer connections among 
the semiconductor substrates are realized via the interposer substrates 71a - 71c and the 
intermediate substrates 81a and 81b. 

[0142] Consequently, even when the types and/or chip sizes of the semiconductor 
substrates 71 are different from one another, a three-dimensional mounting of the 
semiconductor substrates 71 can be readily realized while suppressing enlargement of the 
chip size, and the reliability in the interlayer connections can be improved while preventing 
complication of the interposer substrates 71a - 71c. 

[0143] Accordingly, the electronic device can be made smaller in size and lighter, 
the reliability in the electronic device can be improved, and a variety of functions can be 
readily added to the electronic device while suppressing cost increases. 

[0144] FIGS. 12 and 13 are cross-sectional views indicating a method for 
manufacturing a semiconductor module in accordance with a fifth embodiment of the present 
invention. 

[0145] Referring to FIG. 12 (a), active regions that are defined by scribe lines SL 
are formed on a semiconductor wafer W, pad electrodes 92 are formed on an active 
surface 91' of the semiconductor wafer W, and the pad electrodes 92 are connected to wiring 
layers 93 that extend over the scribe lines SL. 
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[0146] Then, for example, by using photolithography technique and dry etching 
technique, trench sections 94 are formed at the scribe lines SL of the semiconductor wafer W. 

[0147] Here, the thickness Tl of the semiconductor wafer W can be 625 fim when a 
6-inch wafer is used, and 725 jam when an 8-inch wafer is used. The depth Dl of the trench 
section 94 can be, for example, 70 jam. 

[0148] Next, as indicated in FIG. 12 (b), for example, photolithography technique 
and CVD technique are used to form dielectric films 95 on bottom surfaces and side surfaces 
inside the trench sections 94. It is noted that, as the dielectric films 95, for example, silicon 
oxide films or silicon nitride films can be used. 

[0149] Next, as indicated in FIG. 12 (c), for example, by sputtering or vapor 
deposition, seed electrodes 96 are formed on the semiconductor substrates 91 including the 
inside of the trench sections 94. It is noted that, for the seed electrodes 96, conductive 
material, such as, for example, nickel (Ni), copper (Cu), gold (Au), titanium (Ti) or tungsten 
(W) can be used. 

[0150] Then, a plating resist layer 97 having opening sections 97* provided at 
positions corresponding to the trench sections 94 are formed on the semiconductor 
substrate 91 having the seed electrodes 96 formed thereon. Here, the size of the opening 
sections 97' is set such that the opening sections 97' extend over the wiring layers 93. 

[0151] Then, by conducing electrolytic plating using the seed electrodes 96 as 
plating terminals, embedded electrodes 98 are formed through the opening sections 97' 
provided in the plating resist layer 97 in the trench sections 94 and the opening sections 97'. 

[0152] It is noted that, as the embedded electrodes 98, for example, a one-layer 
structure composed of nickel (Ni), copper (Cu) or gold (Au), or a two-layer structure having 
metal such as nickel (Ni), copper (Cu) or gold (Au) and solder material such as Sn, Sn-Pb, 
Sn-Ag, Sn-Cu, Sn-Zu or the like stacked thereon may be used. 

[0153] Also, the embedded electrodes 98 may be formed by using an electroless 
plating method, besides the electrolytic plating method; and also, conductive slurry or 
conductive paste can be injected in the trench sections 94 by an ink jet method. 

[0154] Next, as indicated in FIG. 12 (d), the plating resist layer 97 is removed, and 
the seed electrodes 96 are etched by using the embedded electrodes 98, thereby exposing the 
active surface 9T of the semiconductor wafer W. 
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[0155] Next, as indicated in FIG. 13 (a), a back surface 91" of the semiconductor 
wafer W is ground by using back grinding, thereby thinning down the semiconductor wafer 
W. 

[0156] Here, the back grinding of the back surface 91" of the semiconductor wafer 
W is completed before the dielectric films 95 are exposed, such that the thickness T2 of the 
semiconductor wafer W after the grinding can be, for example, 100 |im. 

[0157] Then, as indicated in FIG. 13 (b), the back surface 91" of the semiconductor 
wafer W is dry etched, to further thin down the semiconductor wafer W, such that the trench 
sections 93 penetrate to form through holes 94' in the semiconductor wafer W, and tips of the 
embedded electrodes 98 covered with the dielectric films 95 are exposed to form through 
electrodes 98\ It is noted that, the thickness T3 of the semiconductor wafer W after the dry 
etching can be, for example, 50 jam. Also, as an etching gas used for the dry etching of the 
back surface 91" of the semiconductor wafer W, for example, CL2, HBr or SF6 can be used. 

[0158] Next, as indicated in FIG. 13 (c), the dielectric films 95 at the tips of the 
through electrodes 98' are dry etched, to thereby remove the dielectric films 95 at the tips of 
the through electrodes 98'. It is noted that, as an etching gas used for the dry etching of the 
dielectric films 95 at the tips of the through electrodes 98', for example, CL 2 , HBr or SF 6 can 
be used. 

[0159] Next, as indicated in FIG. 13 (d), the semiconductor wafer W having the 
through electrodes 98' formed therein is cut along the scribe lines SL to divide the through 
electrodes 98' in their longitudinal direction, thereby forming grooves 94" in side walls of 
semiconductor substrates 91, and embedded electrodes 98" embedded in the grooves 94". 

[0160] Next, as indicated in FIG. 13 (e), the semiconductor substrates 91a - 91c are 
stacked in layers in a manner that the embedded electrodes 98a - 98c filled in the grooves 94a 
- 94c of the respective semiconductor substrates 91a-91carein contact with one another; 
and resin 99a and 99b is injected in gaps between the semiconductor substrates 91a-91cto 
thereby form a stacked layered structure of the semiconductor substrates 91a - 91c. 

[0161] Accordingly, by cutting the semiconductor wafer W along the scribe lines 
SL, the embedded electrodes 98" can be collectively formed on the side walls of the 
semiconductor substrates 91. 

[0162] For this reason, there is no need to fill conductive material in the 
grooves 94" that would otherwise be formed after cutting the semiconductor wafer W, which 
can simplify the manufacturing process. Further, the embedded electrodes 98" can be formed 
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on the side walls of the semiconductor substrate 91 with good precision, such that interlayer 
connections using the side walls of the semiconductor substrate 91 can be stably provided. 

[0163] It is noted that, in the embodiments described above, interlayer connections 
are provided through side walls of semiconductor chips. However, the present invention is 
not limited to semiconductor chips, but may also be applicable to, for example, a method for 
providing interlayer connections through side walls of glass substrates or sapphire substrates 
having thin film transistors or the like formed thereon. 

[0164] Also, the bump electrode structure described above is applicable to 
electronic devices, such as, for example, liquid crystal display devices, portable telephones, 
portable information terminals, video cameras, digital cameras and MD (Mini Disc) players, 
and can make electronic devices smaller and lighter without deteriorating the reliability of the 
electronic devices. 

[0165] As described above, according to the present invention, interlayer 
connections are provided through side walls of semiconductor chips. Accordingly, interlayer 
connections of the semiconductor chips can be provided without providing through electrodes 
in active regions, conductive layers in upper and lower layers can be readily aligned, and the 
influence of height variations of the conductive layers and/or warps in the semiconductor 
chips is eliminated, such that the reliability in the interlayer connections can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0166] [FIG. 1] Cross-sectional views indicating a method for manufacturing a 
semiconductor module in accordance with a first embodiment of the present invention. 

[0167] [FIG. 2] Cross-sectional views indicating the method for manufacturing 
a semiconductor module in accordance with the first embodiment of the present invention. 

[0168] [FIG. 3] Perspective views indicating the method for manufacturing a 
semiconductor module in accordance with the first embodiment of the present invention. 

[0169] [FIG. 4] Perspective views indicating the method for manufacturing a 
semiconductor module in accordance with the first embodiment of the present invention. 

[0170] [FIG. 5] Side views indicating a method for filling conductive material 
in accordance with an embodiment of the present invention. 

[0171] [FIG. 6] Perspective views indicating a method for manufacturing a 
semiconductor module in accordance with a second embodiment of the present invention. 

[0172] [FIG. 7] Perspective views indicating the method for manufacturing a 
semiconductor module in accordance with the second embodiment of the present invention. 
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[0173] [FIG. 8] Perspective views indicating a method for manufacturing a 
semiconductor module in accordance with a third embodiment of the present invention. 

[0174] [FIG. 9] Perspective views indicating the method for manufacturing a 
semiconductor module in accordance with the third embodiment of the present invention. 

[0175] [FIG. 10] Perspective views indicating a method for manufacturing a 
semiconductor module in accordance with a fourth embodiment of the present invention. 

[0176] [FIG. 11] Perspective views indicating the method for manufacturing a 
semiconductor module in accordance with the fourth embodiment of the present invention. 

[0177] [FIG. 12] Cross-sectional views indicating a method for manufacturing a 
semiconductor module in accordance with a fifth embodiment of the present invention. 

[0178] [FIG. 13] Cross-sectional views indicating the method for manufacturing 
a semiconductor module in accordance with the fifth embodiment of the present invention. 

[0179] [FIG. 14] Cross-sectional views indicating a conventional method for 
manufacturing a semiconductor module. 

[0180] [FIG. 15] Cross-sectional views indicating the conventional method for 
manufacturing a semiconductor module. 



